Abstract: Among the many important roles played by ozone in the atmosphere is the role it plays in the generation of OH radicals, which are responsible for initiating the oxidation of a wide variety of atmospheric trace constituents. The OH production occurs dominantly from the formation of the excited O( 1 D) species in the UV photolysis of ozone, followed by the reaction of O( 1 D) with H 2 O vapor. The photochemistry of ozone is very complex, as the relatively weak bonds in ozone allow different states of the O and O 2 photoproducts to be accessed. Recent detailed studies have now revealed that different photolysis channels are occurring in the 290-375 nm spectral range, the region of importance for the generation of OH radicals in the lower atmosphere. The measured temperature-dependent quantum yields for the production of O( 1 D) atoms reflect the importance of the longer "wavelength tail" formation with regard to the enhanced OH production. Other significant atmospheric photolysis processes involving carbonyl compounds are reported. Direct photodissociation rates were measured in the outdoor photoreactor EUPHORE in Valencia and compared with model calculations. For most of the carbonyl compounds the effective quantum yields are significantly below unity.
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PHOTOLYSIS OF OZONE: YIELD OF O(

D)
Among the many important roles played by ozone in the atmosphere is the role it plays in the generation of OH radicals, which are responsible for initiating the oxidation of a wide variety of atmospheric trace constituents (e.g., organic compounds, reduced sulphur species, etc.), thereby removing them from the atmosphere [1] . While photolysis of ozone in the peak of the Hartley (200-300 nm) bands is important for the stratospheric chemistry of ozone, absorption of ozone in the Huggins bands at λ > 300 nm dominates the photochemical activity in the troposphere and the lower stratosphere. In this region, the OH production occurs dominantly from the formation of the excited O( 1 D) species in the UV photolysis of ozone, followed by the rapid reaction of O( 1 D) with H 2 O vapor: O( 1 D) + H 2 O → 2OH. Thus, the O( 1 D) production rate will depend on the photolysis frequency J (O1D) and the ozone concentration. J (O1D) is given by the product of the actinic flux F, the ozone absorption cross section, σ, and the O( 1 D) quantum yield ϕ O(1D) , all of which are wavelength dependent: 
Ozone photolysis dominates throughout the intense Hartley absorption band via the spin-allowed process (1), with a reported O( 1 D) quantum yield in the range 0.9 to 0.95. The O( 1 D) quantum yield drops to zero below the thermodynamic threshold at 310 nm, since the other (O 1 D) producing channel (2) is spin-forbidden. However the exact shape of the O( 1 D) quantum yield curve at λ > 310 nm has been the subject of many experimental [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and theoretical [15] studies over the last two decades, leading to controversial results. In particular, the existence of a longer wavelength "O( 1 D) quantum yield tail" has now been established over the temperature range 312-227 K [13] and is now recommended for atmospheric calculations [16] . Essentially, the experimentally measured O( 1 D) quantum yield tail is consistent with the participation of the temperature-dependent spin-allowed process (1) of vibrationally and rotationally excited ozone in the range 305 to 325nm, and the temperature-independent constant spin-forbidden process (2) contributing with a constant value of about 0.06. The latter process was found to extend exclusively to 375 nm at 295 K, consistent with absorption to a single excited state [14] . In these measurements [12] [13] [14] the production and detection of OH radicals as spectroscopic marker for O( 1 D) was used, and revealed to be directly correlated with the ozone absorption cross sections. This recent study suggested that the O( 1 D) yield may be constant out to the thermodynamic threshold at 411 nm, however studies were inconclusive due to unreliable O 3 absorption cross sections above 340 nm. [17] [18] [19] . The importance of the longer "wavelength tail" in the O( 1 D) formation has been confirmed by comparing in situ J (O1D) measurements using spectroradiometric and/or chemical actinometers with calculated photolysis frequencies [1, 13, 20] . The new recommended temperature-dependent O( 1 D) quantum yields (including the tail) yield substantially larger O( 1 D) (and consequently larger OH) production rates especially at higher solar zenith angles, low temperatures, and large overhead ozone columns [14] , particularly at high latitudes in the troposphere from late autumn to early spring.
PHOTOLYSIS OF CARBONYL COMPOUNDS
Other significant species, producing HOx (OH, HO 2 ) species upon photolysis in the atmosphere, include HONO, H 2 O 2 , CH 3 OOH, and carbonyl compounds (mainly aldehydes and ketones). The latter are emitted as primary pollutants (combustion, vegetation) or are produced as reaction intermediates from NO x -mediated photooxidation of volatile organic compounds (VOCs) emitted into the atmosphere. It is well established that the main degradation processes of carbonyl compounds are controlled by photolysis and/or reaction with OH radicals. The photolysis of these intermediate species is one of the major uncertainties in the VOC oxidation chain in gas-phase atmospheric chemistry.
G. K. MOORTGAT
Because carbonyl compounds produce free radicals as photolysis products, it is important to assess and quantify reliable free radical yields from the photolytic action. This topic was addressed in an EU-funded project "RADICAL" on the photolysis, induced by natural UV/vis solar radiation, of selected carbonyl compounds involved in the atmospheric oxidation of key hydrocarbons. Photodissociation rates of individual carbonyl compounds were measured directly during several campaigns in the EUPHORE outdoor smog chamber (Valencia), and these data were compared with model calculations [21] . The results are summarized in Table 1 . Also, the photolytic lifetimes were compared to the lifetime against the OH radical reaction. Effective quantum yields, ϕ eff , were determined by comparison of the individual photolysis frequencies with theoretical decomposition rates using the measured actinic fluxes. For most of the carbonyl compounds the determined ϕ eff is significantly below unity.
The effective quantum yield for C 3 to C 9 straight-chain aldehydes is 0.25 to 0.30, and about twice as large for α-branched aldehydes. The dicarbonyl glyoxal has a very low ϕ eff (0.038), such as found for methylglyoxal in a separate study [23] . For unsaturated compounds (methylvinylketone, methacrolein acrolein, and trans-crotonaldehyde) ϕ eff is neglible, although those compounds possess absorption spectra reaching the near visible. The photolytic decay from a few carbonyl compounds derived from the photooxidation from monoterpenes is variable, so need to be determined individually, since absorption spectra are not available. In currently worldwide used atmospheric models, quantum yields are often assumed to be unity, which is seldom the case, as is shown in this study. This leads to an overestimation of the calculated photodissociation rates and the associated radicals formed in photolysis processes. These new data will reduce the present uncertainties associated with photolysis processes, so that future assessments can be made with more confidence.
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